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E 1'2, ] 

X X V I .  Notice of the Fusion of  l~lumbago, or Gral~,hite , 
(commonl 9 called Black Lead,) in a Le/ler from Professor 
SILLIMAN to Professor ROBERT HAttE, 3LD. Dated March 
26 ,  182~1. e" 

I N a former letter published in my Journal, (vol. v. p. 108,) 
and ill all additional notice, (p. 361 same vol.) I gave an ac- 

count ot' the fusion and volatilization of charcoal, by the use of 
your Galvanic Deflagrator. I have now to add, that the fusion 
of plumbago was accomplished yesterday by the stone instru- 
ment, and that I have again obtained the same results to-day. 
For  fl~is purpose, from a piece of very fine and beautiful plum- 
bago, ti'om North Carolina, I sawed small parallelopipeds, 
about one eighth of an inch in diameter, and ti-om three tburths 
of an inch to one inch and a quarter in length : fllese were 
sharpened at one end, and one of them was employed to point 
one pole of the deflagrator, while the other was terminated by 
prepared charcoal. Plumbago being in its natural state a 
conductor, (although inferior to prepared charcoal,) a spark 
was readily obtained, but in no instance of half the energy 
which belongs to the instrument when in full activity ; for the 
zinc coils were very much corroded, and some of them had 
failed and dropped out ; still the influence was readily convey- 
ed through the remaining coils. As my hopes of success, in 
the actual state of the instrmnent, were not very sanguine, I 
was the more gratified to find a decided result in the very first 
trial. To  avoid repetitions, I will generalise the results. The  
best were obtained when the plumbago was connected with 
the copper, and prepared charcoal with the zinc pole. The  
spark was vMd, and globules of melted plumbago could be 
discerned, even in the midst of the ignition,./brmb N andjbrmed 
upon lhe edges of the focus of heat. In this region also there 
was a bright scintillation, evidently owing to combustion, 
which went on where air had ti'ee access, but was prevented by 
the vapour of carbon, which occupied the highly luminous re- 
gion of the tbeus, between the poles, and of the direct route 
between thelu. Just on and beyond the confines of the ignited 
portion of the plumoago, there was tbrmed a belt of a red,Ash 
brown eolour, a quarter of an inch or more in diameter, which 
appeared to be owing to the iron remaining fi'om the com- 
bustion of the carbon of that part of the piece, "rod which, 
being now oxidized to a maximum, assmued the usual col<mr 
of  the peroxide of that metal. 

In various trials, the globules were fi)rmed ve~. abundantly 

Silliman's Journal, vol. v;. p. 311. 
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Professor Silliman O~Z t/c,; Fte,'io~ ~j Ph,.mg,aA~L,. 123 

on the edge of the focus, and in several instauee~ were stud- 
ded around so thickly, as to resemble a string of beads, of 
which the largest were of the size of the smallest shot ; others 
were merely visible to tile naked eye, and others still were nil- 
croscopic. No globule ever appeared on the point of the 
plumbago, which had been in the tbcus of heat ; but this point 
presented a henlisphericM excavation, and the plumbago there 
had the appearance of black scorim or volcanic cinders. These 
were the general appearances at the copper pole occupied by 
the plmnbago. 

On the zinc pole, occupied by the prepared charcoal, there 
were very peculiar results. This pole was, in every instance, 
elongated towards the copper pole, and the black matter, ac- 
cumulated there, presented every appearance of thsion, not 
into globules, lint into a fibrous and striated tbrm, like the half 
flowing slag tbund on the upper currents of lava. It  was 
evidently transferred, in the state of vapour, fi'om the plum- 
bago of the other pole, and had been tbrmed by the carbon 
taken from the hemispherical cavity. It  was so different ti'o,n 
the melted charcoal, described in my former communications, 
that its origin from the plumbago could admit of no reasonable 
doubt. I am now to state other appearances which have ex- 
cited in my mind a very deep interest. On the end of the 
prepared charcoal, and occupying, tYequeutl3, an area of a 
quarter of an inch or more in diameter, were tbund numerous 
globules of perfectly melted matter, entirely spherical in their 
form, having a lfigh vitreous lustre, and a great degree of' 
beauty. Some of them, and generally they were those most 
remote fi'om the tbeus, were of a jet black, like the most per- 
feet obsidian ; others were brown, yellow, and topaz eolonred : 
others still were greyish white, like pearl stones with the trans- 
lucence and lustre of porcelain; and others still, limpid like 
flint glass, or in some cases like hyalite or precious opal, but 
without the iridescence of the latter. Few of the globules upon 
the zinc pole were peri}ecfly black, while very t~w of flmse on 
the copper pole were otherwise. In one instance, when I used 
some or'the very pure English plumbago, (sawed if'ore a cabinet 
specimen, mad tMievcd to be fi'om Borrowdale,) white and 
transparent globules were formed on the copper side. 

W hen  the points were h d d  verticallq, and lheplz~mbago ~tl~- 
permosg, no globules were formed on the latter; and they were 
unusually numerous, and nhnost all black, on the opposite pole. 
W hen  the points were exchanged, plumbago being on the zinc, 
and charcoal on the copper end, very few globules were formed 
on the plumbago, and m,t one on the ohm'coal : this last was 
rapidly holtowed out into a hemispherical cavity, while the 
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1 o~; Prot~.ssor Sillimml on the Fusion of  Plumbago. 

phnnbago was as rapidly elongated by matter accumulating at 
its point, and which, when examined by the microscope, proved 
to be a concretion in the shape of a cauliflower--of volatilized 
and melted charcoal, having in a high degree all the charac- 
teristics which I formerly described as belonging to this sub- 
stance. Indeed, I tbund hy repetitions of the experiment, that 
this was the best mode of obtaining fine pieces of melted char- 
coal. 

In some instances I used points of" plumbago on both poles, 
and always obtained melted globules on both;  the results 
were, however, not so distinct as when plumbago was on the 
copper and charcoal on the zinc pole ; but the stone elongation 
of the zinc and hollowing of file copper pole took place as 
before. I detached some of the globules, and partly bedding 
them in a handle of wood, tried their hardness and firmness ; 
they bore strong pressure without breaking', and easily scratch- 
ed, not only flint glass, but window glass, and even the hard 
green variety which tbrms the aqua tbrtis bottles. The  
globules which had acquired this extraordinary hardness, were 
tbrmed fi'om plumbago which was so soft that it was perlhctly 
free fi-om resistance when crushed between the thumb and 
finger, and covered their surfaces with a shining metallic-look- 
ing coat. These globules sunk very rapidly in strong sulphuric 
ac id~much  more so than the melted charcoal, but not with 
much more rapidity than the plumbago itselt; from which they 
had been formed. 

Th e  zinc of the deflagrator is now too tar gone to enable 
me to prosecute this research any further at present ; as soon 
as the zinc coils can be renewed, I shall hope to resume them, 
and I entertain strong hopes, especially from the new improved 
and much enlarged deflagrator, which you are so kind as to 
lead me soon to expect from Philadelphia. 

April 12. Having refitted the deflagrator with new zinc 
coils, I have repeated the experiments related above, and have 
the satisfaction of stating that the results are fully confirmed 
and even in some respects extended. The  deflagrator now 
acts wifll great energy, and in consequence I have been enabled 
to obtain good results when using plumbago upon both poles. 
Parallelopipeds of flint substance, 1 of an inch in diameter 
and one inch or two incises long, being screwed into the vices 
connecting the poles, on being brought into contact, transmit- 
ted the fluid with intense splendour, and became fully ignited 
for an inch on each side; on being withdrawn a little, flae usual 
arch of flame was formed tbr half an inch or more. Indeed 
when the instrument is in an active state, the light emitted 
from the plumbago points, appears to be even more intense and 
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Professor Silliman on the F ,  sio~, oj Plumbago. 127 

than fi'om charcoal; so that they may be used with advantage 
in class experiments, where the principal object is to exhibit 
the brilliancy of the light. 

On examining the pieces in this and in numerous other 
eases, I found them beautififlly studded with numerous glo- 
bules of melted plumbago. They extended ti'om within a quar- 
ter of an inch of the point, to the distance of ~ or ~ of an inch 
all around. They  were larger than before and perfectly visi- 
ble to the naked eye; they exhibited all the colours belbre 
described, fi'om perihct black to pure white, including brown, 
amber, and topaz eolours; among the white globules, some 
were perfectly limpid, and could not be distinguished by the 
eye t)om portions of diamond. In different repetmons of the 
experiment with the plumbago points, there were some vari- 
eties in the results. In one instance only, was there a globule 
ibrlned on the point; it would seem as if the melted spheres 
of plumbago as soon as formed, rolled out of the current 
of flame, and congealed on the contiguous parts. In every 
instance, the plumbago on the copper side was hollowed out 
into a spherical cavity, and the corresponding piece on the zinc 
side received an accumulation more or less considerable. In 
most instances, and in all when the deflagrator was very active, 
besides the globules of melted matter, a distinct tuft or pro- 
jeetion was tbrmed on the zinc pole, considerably resembling 
the melted charcoal described in my tbrmer communications, 
but apparently denser and more compact; although resembling 
the melted charcoal, as one variety of volcanic slag resembles 
another, it could be easily distinguished by an eye lhmiliarized 
to the appearances. In one experiment the cavity, and all the 
parts of the plumbago at the copper pole were completely 
melted on file surtZaee, and covered with a black enamel. The  
appearances were somewhat varied when specimens of plum- 
bago from different localities were used. In some instances it 
burnt, and even deflagrated, being completely dissipated in 
brilliant scintillations; file substance was rapidly consumed 
and no fusion was obtained. This kind of e/thct occurred 
most distinctly when there was a plumbago piece on the cop- 
per side, and a piece of charcoal on the zinc side. I have al- 
ready mentioned the curious result which is obtained when this 
arrangement is reversed, the charcoal on the copper, and the 
plumbago on the zinc side; this effect was now particularly 
distinct and remarkable,-- the charcoal on the copper side was 
rapidly volatilized, a deep cavity was formed, and the charcoal 
taken from it was instantly accumulated upon the plumbago 
point, tbrming a most beautiftll protuberance, completely di- 
stinguishable tiom the plumbago, and pre~enting, when viewed 
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1~8 Prol~ssor Silliman on lhe Fusio~t qI" Plumbago. 

the microscope, a congeries of aggregated spheres, with every 
mark of pert~et thsion and with a perfect metallic lustre. I 
woukl again recommend this arrangement when the object is 
to attain line pieces of melted ehareoai. 

April l ~ . ~ I n  repeating the experiments to-day, I have ob- 
tained even finer result~ than belbre. The  spheres of melted 
plmnhago were in some instances ~o thickly arranged as to re- 
semble shot lying side by side ; in one ca.se they completely 
covered the plumbago in the part contiguous to tl~e point on 
the zinc side, and were without exception white, like mhmte, 
delicate concretions of mammillary chalcedony ; -,mong a great 
number there was not one of a dark colour, except that when 
detached by the knii~ they exhibited slight shades of brown at 
the place where they were united with the general mass of 
phnnbago. They  appeared to me to be tbrmed by the con- 
densation of a white vapour, which in all the experiments where 
an active power was employed I had observed to be exhaled 
between the poles and partly to pass fi'om the copper to the 
zinc pole, and partly to rise vertically in an abundant fimae 
like that of the oxide proceedingti'om the combustion of various 
metals. I mentioned this circumstance in the report of my 
first experiments (see vol. v. p. 11 g of Silliman's Journal,) but 
did not then make any trial to ascertain the nature of the sub- 
stance. Ahhough its abundance rendered the idea impro- 
bable, I thought it possible that it might contain alkali derived 
from the charcoal. It  is easily condensed by inverting a glass 
over the filme as it rises, when it soon renders the glass opaque 
with a white lining. Although there was a distinct and pe- 
culiar odour in the fume, I found that the condensed matter 
was tasteless, and that it did not effervesce with acids, or atlbct 
the test colours for alkalies. Besides, as it is produced ap- 
parently in greater quantity, when both poles are terminated 
by plumbago, it seems possible that it is white volatilized car- 
bon, giving origin, by its condensation, in a state of greater or 
less purity, to the grey, white, and perhaps to the limpid 
globules. 

The deflagrator having been refitted only at the moment 
when a part of this paper had already gone to the press, and 
the remainder is called for, I am precluded by these eireum- 
stanees from trying the decisive experiment of heating this 
white nmtter by means of the solar focus in a jar of pure oxy- 
gen gas, to ascertain whether it will produce carbonic acid 
gas. 

This trial I have this morning made upon the eoloured glo- 
bules obtained in former experiments; they were easily de- 
tached fi'om the plumbago by the slightest touch from the 

poinI 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
6:

37
 2

9 
Ju

ne
 2

01
6 



Proi~ssor Sillhuan o~ [/~e Ft~siol~ ~'Plumbago. 129 

point of a knife, anti, when collected in a white porcelain 
dish, they rolled about like shot, when the vessel was turned 
one way and another. To  detach any portions of unmelted 
plumbago which might:adhere to them, I carefully rubbed them 
between my thumb and finger in the palm of my hand. I 
then placed them upon a fi'agment of W'edgwood ware, floated 
in a dish of mercury, and slid over them a small jar of very 
pure oxygen gas, whose entire freedom fi'om carbonic acid 
had been fully secured by washing it with solution of caustic 
soda, and by subsequently testing it with recently prepared 
lime-water; the globules were now exposed to the solar focus 
from the lens mentioned volume v. page 363. I t  was near 
noon, and the sky but very sli_~htly dimmed by vapour ; al- o. 
though they were in the focus ior nearly half an hour, they 
did not melt, disappear, or alter their form ; it appeared, how- 
ever, on exmniuing the gas, that they had given up part of 
their substance to the oxygen, for carbonic acid was ibrmed, 
which gave a decided precipitate with lime-water. Indeed 
when we consider that these globules had been formed in a heat 
vastly more intense than that of the solar focus, we could 
not reasonably expect to melt them in this manner, and they 
are of a character so highly vitreous, that they must necessarily 
waste away very slowly, even when assailed by oxygen gas. 
In a long continued experiment, it is presumable that they 
would be eventually dissipated, leaving only a residuum of 
iron. That  they contain iron is manii~st, from their being at- 
tracted by the magnet, and their colour is evidently owing to 
this metal. Plumbago, in its natural state, is not magnetic, 
but it readily becomes so by being strongly heated, although 
without fusion, and even the powder obtained fi'om a black 
lead crucible after enduring a strong furnace heat~ is magnetic. 
It  would be interesting to°know, w'imther the limpid globules 
are also magnetic ; but this trial I have not yet made. 

I have already stated, that the white fume mentioned above 
appears when points of charcoal are used. I have found that 
this matter collects in considerable quantities a little out of the 
focus of heat around the zinc pole, and occasionally exhibits 
fl~e appearance of a fi'it of white enamel, or looks a little like 
pumice stone, only it has the whiteness of porcelain, graduating 
however into light grey, and other shades, as it recedes fi'om 
the intense heat. In a few instances I obtained upon the char- 
coal, when this substance terminated botlz poles, distinct limpid 
spheres, and at other times they adhered to the frit like beads 
on a string. Had  we not been encouraged by the remarkable 
£~cts already stated, it would appear very extravagant to ask 
whether this white fl'it and these limpid spheres could ar~se 

Vol. 6~. No. 50~, Aug. 18~3. R from 
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1 '30 Professor Silliman ou llte t/asioa of PlptmlJaga. 

from carbon, volatilized in a white state even from charcoal 
itself, and condensed in a tbrm analogous to tim diamond. 
T h e  rigorous and obvious experiments necessary to determine 
this question it is not now practicable tbr me to make, and I 
must in the mean time admit the possibility that alkaline and 
earthy impnrities may have contributed to the resu]t. 

In  one instance contiguous to, trot a little aside fi-om, tl,e 
charcoal points,, I obtained isolated dark coloured globules ot" 
melted charcoal, analogous to those of plumbago. 

The  opinion which I tbrmerly stated as to the passage of a 
current front the copper to the zinc pole of the deflagrator, is 
in my view fully confirmed. Indeed, with the protection of 
green glasses, my eyes are sufficiently strong to enable me to 
look steadily at the flame during the whole of an experiment, 
and I can distinctly observe matter in different tbrms passing 
to the zinc pole, and collecting there, just as we see dust or 
other small bodies driven along by a common wind; there is 
also an obvious tremor, produced in the copper pole, when the 
instrument is in vigorous action, and we can perceive an evi- 
dent vibration produced, as if  by the impulse of an elastic fluid 
striking against the opposite pole. 

If, however, the opinion which you formerly suggested to 
me, and which is countenanced by many facts, that the poles 
of the deflagrator are reversed, the copper being positive and 
the zinc negative, be correct, the phenomenon, as it regards the 
course of the current, will accord perfectly well with the re- 
ceived electrical hypothesis. 

The  nmnber of unmelted substances being now reduced to 
two, namely, the anthracite and the diamond, you will readily 
suppose I did not neglect to make trial of them: as, however, the 
diamond is an absolute nonconductor and the anthracite very 
little better, I cannot say I had any serious hopes of success. 
I have made various attempts, which have failed, and alter losing 
two diamonds, the fi'agments being thrown about with a stron.o" 
decrepitation, I have desisted from the attempt, having, as "I 
conceive, a more feasible project in ~'iew. 

I trust you will not consider the details of the preceding 
pages as being too minute, provided the subject appears to 
you as interesting as it does to me. The  fusion of charcoal 
mad of plumbago is sufficiently remarkable; but the evident 
approximation of the material of  these bodies towards the con- 
dition of diamond, from which they differ so remarkably in 
their physical properties, at}brds, if I mistake not, a striking 
confirmation of some of our leading chemical doctrines. 

X X V I I .  Ex-  
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